It has previously been proven that finding the globally minimum energy configuration of an atomic cluster belongs in the class of NP-hard problems. However, this proof is limited only to homonuclear clusters. This paper presents a new proof which shows finding minimum energy configurations, for heteronuclear clusters is also NP-hard.
Introduction
Atomic clusters are aggregates of atoms held together by the same forces that cause, for example, phase transition from vapor to liquid, formations of crystals, etc. Cluster sizes range from as few as three atoms up to several hundred atoms. The physical and chemical characteristics of a cluster often varies with its size. In fact, even the addition of a single atom can result in an entirely different structure. Only by successively adding more and more atoms will a crystal-like structure eventually be produced and some knowledge of the condensed phase attributes be determined [1] .
The study of atomic clusters has steadily been increasing over the past decade [2] , Of particular interest is the cluster conformation (structure) which has the lowest total internal energy %. Knowledge of this minimum energy conformation provides valuable clues relating to the chemical and physical properties of the cluster. Unfortunately, searching for the globally minimum energy state of a cluster has proven to be enormously difficult. Indeed, Wille and Vennik [3] showed that locating the globally minimum energy state of a cluster of identical atoms -the homonuclear case -belongs in the class of NP-hard problems. This means there is little hope of exactly solving the problem in finite time for even moderate cluster sizes.
The purpose of this paper is two-fold. First, it will be shown why existing homonuclear proofs, and work from other related problems, cannot be used for the heteronuclear case where not all of the atoms are identical.
Secondly, a proof will be presented which does show solving the heteronuclear problem is NP-hard.
Preliminaries
The problem of [5] , eigenvector following [6] , evolution computation techniques [7 - 9], lattice optimization/relaxation techniques [10] , and PES deformation techniques [11, 12] (1) . ' The definition given covers both homonuclear and heteronuclear systems. [14] , though in practice, only two-body terms are used for the sake of computational speed. Consequently, the discussion here will likewise be restricted to the two-body case.
It may appear that the large amount of work done with hard-sphere packing problems will be helpful in solving instances of DCP. Unfortunately, such is not the case because the objective of the two problems are quite different. Hard-sphere packings try to place spheres in Euclidean space so that all can, without overlap, fit within as small a volume as possible [15] . DCP deals with soft, compliant spheres which interact via pairwise interaction functions. Fig. 1 shows a Lennard-Jones function, which is typical. Therein lies the major difference between hard-sphere and soft-sphere systems: the former has no preferred distance between the spheres while the latter does. Put another way, a hard-sphere packing algorithm attempts to minimize the interatomic distance r. Yet, a comparison with Fig. 1 clearly shows this does not yield the lowest energy state for an atomic pair. Hardsphere packing studies can thus be expected to provide little help.
An algorithm that searches for solutions to the homonuclear version of DCP was reecently proposed by Hendrickson [16] . The but this discussion will be differed until Section 3.
Northby [10] "m) , so that the sum of the weights is minimal is equivalent to finding a minimal length tour {cMi),cM2),. . . , c"tN)) thus solving an instance of TSP. By restriction [19] [20] . Swapping atom positions in heteronuclear clusters changes the type of atoms which interact, altering the individual interaction functions, and giving a different total energy to the new cluster.
With homonuclear clusters it is acceptable to consider atoms as simple identical spheres where only interatomic distances contribute to the total energy. It is natural to model this system as an undirected graph where the edge weights reflect forces derived solely from the interatomic distances.
The search algorithm from [16] takes this approach thereby permitting the cluster to be optimized in stages by optimizing the relative positions in subgraphs. The complexity proof given in [3] also made that assumption. In fact, the graph used for that proof was constructed specifically without requiring any pair type information to set the edge weights. That restriction was necessary to establish an equivalence between TSP and DCP.
In heteronuclear systems, both atom type and distance determine pairwise forces so the corresponding graph must have edge weights that take both distance and atom type into consideration. Even the relative positions of vertices from a subgraph cannot be optimized without the weights being set in this manner. Consequently, search algorithms such as [16] 
